I. INTRODUCTION
Enormous interest has been attracted to the twodimensional materials for their applications in next-generation nanodevices ever since the discovery of graphene. Due to the absence of inherent bandgap in graphene [1, 2] ,molybdenum disulfide (MoS 2 ) belonging to the family of transition metal dichalcogenides(TMDC)has aroused a surge of attention [3] [4] [5] as its prominent electronic ,magnetic and mechanical properties [6, 7] , which may closely related to its chirality. Theoretical analysis have showed the significance of zigzag and armchair orientation on MoS 2 . For example, zigzag nanoribbons is ferromagnetic and metallic [8] ,whereas the armchair nanoribbons shows nonmagnetic and semiconducting behavior [9] . For this reason , zigzag MoS 2 nanoribbons will benefit from the migration of ions on their surfaces and render them to be a more promising cathode material [10] and armchair MoS 2 nanoribbons are generally chosen as MOSFET application [11] . In view of the fact that different edge chiralities directly lead to the distinct properties, it is essential to find a feasible way to real-timely differentiate these two orientations.
Since the advent of lateral force microscopy (LFM), this technique has been commonly utilized to investigate friction and other important properties of various materials, such as morphology [12] , superlubricity [13] , or other mechanical properties. For MoS 2 , modeling for lateral friction has been firstly established in [14] with LFM .Nevertheless, this modeling is far from satisfactory as it simply contains the S layers of MoS 2 and completely ignore the influence from Mo layers. Meanwhile, further research on friction anisotropy of MoS 2 obtained by LFM ,which may help us to learn the chirality on MoS 2 , is quite rare up to now. anisotropy of MoS 2 by LFM and pioneer a comprehensive model to thoroughly understand the motion mechanism of the probe on MoS 2 surface in zigzag and armchair orientation with a joint of theory and experiment for the first time. Abundant evidence on the effectiveness of the theoretical modeling are available from an extensive realistic experiment. The research on the modeling will lay a solid foundation for the establishment of a real-time orientation detecting system in the future.
II. T
In the lateral friction experiment of MoS 2 , stick-slip-type movement, which is the essential feature of atomic-scale friction ,will occur on the surface between sample and tip [15] . Given the sandwich-like construction of MoS 2 surface, the tip will shuttle between Mo and S layer .Therefore, both the movements in S layer and Mo layer are needed to be taken together.
A. Zigzag orientation
Due to the disparity in relative position of MoS 2 lattice structure , two types of moving trajectories are possible when the tip moves along zigzag orientation as vividly shown in Fig.  1 
B. Armchair orientation
Analyzing in a similar way of zigzag orientation, armchair orientation can be divided into two distinct cases and each one can be further divided into two distinct trajectories. As Fig. 1(b) , probe will move along M-N-P-Q or M'-N'-P'-Q' .Each of trajectory contains numerous line segments between the central points of crystal cell and that of their adjacent crystal cell, which are also marked in three colors respectively , black ,green and purple. As for the second case, as shown in Fig. 1 (c) two types of moving trajectories E-F-G and E'-F'-G' have the same length considering the specific lattice symmetry. Hence, these two moving trajectories are exactly the same one.
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C. Line length calculation in three colors
All of the moving trajectories in armchair and zigzag orientation consist of three distinct types with respect to length, black, green and purple. According to the correlated data in relevant literature, Mo and S atoms are covalently linked in a triple layers as illustrated in Fig. 2 . The approximations of Mo-S-Mo bond angles are 82°, lengths of Mo-S bonds are uniformly 2.41Å and the distances between S atoms in the same layers are 3.16 Å. The distances between Mo atoms in the same and different layers are 3.16Å and 3.17Å respectively, and the corresponding perpendicular distances between S and Mo atoms are 1.58 Å [16] . Taking these parameters into calculation based on triangle cosine theorem , the computed lengths in three colors and corresponding motion period in zigzag and armchair orientation are described in Table I . (a) (b) To derive the relationship between the friction force and the lattice orientation, the movement between the tip and the sample should be further and thoroughly studied on the basis of theoretical analysis above. Hence, two-dimension Tomlinson model [14] is used for the simulation modeling and described as follows:
Where t x , t y are the actual position of tip at particular time, Based on this relevant data above, the simulation of lateral force friction under zigzag and armchair orientation can be performed with the utilization of Matlab software.
III. E

A. Apparatus
Molybdenum disulfide (MoS 2 ) was prepared by Shanghai Institute of Optics and fine mechanics ,Chinese Academy of Sciences with micromechanical cleavage of bulk. Multimode AFM was used to examine the surface morphology and conduct the friction measurements in air using under ambient conditions (30%-57% relative humidity, 20°C-50°C) In the experiment , MLCT tips with rectangular cantilever was utilized , of which the spring constant is 0.2N/m. The scan rate was set at 29.5HZ and all the images were recorded at 256 lines per scanning.
B. Process of the experiment
Flatten and clean surface of the sample is required to ensure the experiment proceed smoothly. Then combined topography and height measurement were firstly carried out . The overall area of the slice of MoS 2 is about 5*4 μm and the average thickness of MoS 2 is around 5 nm as shown in Fig.  3(a)and(b) .After that, atomic friction were measured within 10nm scale and the corresponding raw atomic resolution images were obtained and presented in Fig. (c) Through the FFT filtering , the lattice structure is shown in Fig. 3(d) . 
IV. R
With the aid of the lattice structure of MoS 2 , we can easily discern the regular distribution of the atomic surface and thereby distinguish the armchair and zigzag orientation. Hence, the friction force signal profile in zigzag and armchair can be observed respectively by pulling a line along each direction .
For the sake of the accuracy, each type is processed triple times in different locations of the friction atomic image within 6nm scale. The processed signal profile are illustrated in Fig. 4 and Fig. 5 and white lines indicate the corresponding real trajectories of the tip . In zigzag and armchair direction , we find these profiles generally fall into two types in term of the numbers of the wave peaks and the signal profile in the same orientation are basically identical. Next, we make a comparison between the actual signal profile of friction and the simulated one in zigzag and armchair orientation, as displayed in Fig. 6(a) ,(b)and(c)respectively. The comparison data are sorted in table 3. According to Table III , most of the data in actual signal profile exhibit very consistent correlation with the simulation results with respect to shape and the numbers of wave peaks, which further provide the solid evidence on the validity of the theoretical modeling in zigzag and armchair lattice orientation .
Due to the inaccuracy in calculation and the approximation we made for the simulation , the inconsistence in rare cases is inevitable as described in Table III . For instance, the case of 7 wave peaks in zigzag orientation is not observed. Likewise, 8 wave peaks are not detected in the experiment for armchair direction . On one hand , the unavoidable experimental error will affect the final result as we mentioned above . On the other hand , the simulation is based on the assumption that zigzag direction may contain two trajectories. However the second postulated motion curve probably do not exist in realistic friction experiment. Therefore, corresponding 7 and 8 wave peaks are not observed and specific explanation for this phenomenon remains to be further investigated. In summery,we innovatively predict the motion trajectories of the probe in zigzag and armchair orientation of MoS 2 and propose a theoretical model for the relationship between friction force and lattice orientation based on modified 2-dimension Tomlinson model . The simulation of the theoretical modeling is completed by Matlab software. Furthermore, AFM based experiment is carried out. The amazing consistence between the simulation result and experimental data confirms the validity of the friction modeling for MoS 2 . The above discovery proves the applicability of the method to the chirality determination of MoS 2 through friction force anisotropy and feasibility to be adopted as real-time orientation detecting system.
